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(57) Abstract 

An apparatus for metering flow of solid panic- 
ulate matter comprising: a transportation means (1) 
driven at known speed by motor (2) a measuring means 
(4a, 4b. 5) for measuring the torque or force required 
to drive said transportation means wherein said measur- 
ing means can be used to calibrate said torque or force 
against the mass flow of said solid particulate matter as 
said matter is moved by said transportation means. 
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MASS FLOW METERING 

The present invention relates to a method and 
apparatus for metering mass flow of particulate or finely 
divided matter. 

5 It is often necessary to feed particulate solid 

ma tter to a delivery point at an accurately known rate or 
in an accurately known quantity. Commonly such solid 
matter is bulk stored in a large container and is 
transported by a main auger or the like which feeds the 
10 solid matter out of the container. A smaller 

transportation means such as an inclined auger may then be 
used to deliver specific small quantities to a delivery 
point . 

In many applications it is very important that 
15 the rate or quantity of solid matter delivered is known 

accurately. For example , bulk explosive compositions are 
often produced by mixing together raw materials on a 
modified truck called a mobile manufacturing unit (MMO) . 
Typically, solid particulate oxidiser salts such as prilled 
20 ammonium nitrate (PAN) are augered from a storage bin on 
the truck into an emulsion/fuel oil mix to make various 
products of differing oxidiser salt content. To "achieve 
the desired product composition, accurate metering of each 
raw material is essential, particularly the amount of solid 
25 particulate matter delivered by the auger. 

In the past it has been common practice to 
calibrate the rate of feed of solid matter by an auger and 
then use the calibration to meter the volumetric 
displacement of the solid matter per revolution of the 
3 0 auger. With this method of measurement it is assumed that 
for every revolution of the auger, a certain volume of 
solid matter is shifted. However it is often difficult to 
measure volumetric displacement accurately. It is 
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particularly difficult to make such measurements where the 
solid matter is of variable density or has a tendency to 
cake or hang-up in the storage container. 

Prilled ammonium nitrate is one example of a 
5 solid material which is particularly prone to caking and 
hang-ups. Furthermore the prill density can vary from one 
production batch to another and from one supplier to 
another. It has also been observed that MMU's having 
separate compartments for storage of PAN often suffer 
10 variable PAN delivery rates as each bin empties. 

Currently the emulsion and fuel oil components of 
an explosive composition produced on an MMU are metered 
accurately by positive displacement pumps with constant 
operating back pressures. Metering of pan is achieved 

15 using calibrated mass delivery based on the volumetric 
displacement of a belly auger but the accuracy of this 
material feed is extremely variable due to the 
aforementioned physical properties of PAN . PAN metering 
must be accurate over periods of time as short as 10 

20 seconds, through to period of several hours. The metering 
must remain accurate in the varying operating conditions of 
an MMU on a mine bench where the terrain is often rugged 
and necessitates the use of augers at varying inclinations 
and at extremes of air temperature. The volumetric 

25 displacement measurement methods of the prior art have 
proved to be of variable efficiency when the auger is 
steeply inclined. If PAN is not accurately metered then 
the bulk explosive products into which the PAN is 
incorporated may be outside specification or of inferior 

30 quality. 

It has now been found that an improved method of 
monitoring flow of solid particulate matter may be provided 
by measuring the energy requirements of the inclined auger. 
This reflects the rate of delivery more accurately than the 
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aforementioned measurement: methods where a certain mass is 
assumed to be delivered by each revolution of the auger. 
The current invention therefore provides a method of 
metering flow of solid particulate matter comprising the 
5 steps of: 

(a) moving portions of said solid particulate matter 
along a transportation means driven at known 
speed by a motor; 

(b) measuring the force required to drive the 
10 transportation means; and 

( C ) calibrating said force to the mass flow of said 

material • 

The transportation means of the current invention 
may be any contrivance which can be situated at a fixed 
15 location while facilitating movement of matter from a 

loading point to a delivery point. This includes augers, 
tubeveyors # conveyor belts and the like which have moving 
parts but do not generally change location while in use. 

If the transportation means is run at a constant 
20 speed the volumetric displacement can be considered 

constant therefore any change in power of the motor is 
proportional to pressure drop across the motor. In other 
words , when the transportation means runs at constant speed 
the power required to transfer the solid particulate matter 
25 is a function of the load moved and therefore, the force of 
the motor expressed as torque. 

In a preferred embodiment of the current 
invention the torque required to drive the transportation 
means is measured by monitoring the differential pressure 
30 between the hydraulic lines to the motor which drives the 
transportation means. The pressure drop across the 
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hydraulic motor may be measured, for example/ by a 
differential pressure transducer connected to the inlet and 
outlet lines of the hydraulic motor and many other devices 
suitable for measuring pressure drop across the hydraulic 
5 motor will be apparent to those skilled in the art. As the 
amount of work done by the hydraulic motor changes with the 
amount of solid particulate matter being moved by the 
transportation means, the pressure in the hydraulic lines 
will change accordingly for a given constant speed of the 
10 transportation means. Thus measurement of the differential 
pressure between the hydraulic lines will give a measure of 
mass flow. 

In a particularly preferred embodiment the 
transportation means is an auger, tubeveyor or the like. 

15 In situations where a main auger shifts solid material out 
of a storage container and a shorter auger moves the 
material to a delivery point it will be apparent to those 
skilled in the art that it is most practical to measure the 
torque of the smaller auger motor. In practice the main 

20 auger can be adjusted to a chosen rate of revolutions per 
minute to obtain a nominal delivery of solid material 
required. Output from a tachometer may be used to verify 
that the nominal delivery rate has been achieved. 

In situations where the transportation means 
25 comprises a drive shaft it may be desirable to directly 
measure the torque on the drive shaft using transducers 
located in a drive meanB. Magnetic sensors located at 
either end of the drive shaft can be used to measure the 
twist of the shaft as a function of displacement between 
30 the two sensors. Where an electric motor drive is used, 
the electrical power to the motor can be measured in 
preference to measuring the torque on the drive shaft. One 
of the advantages of the method of mass flow metering of 
the current invention is that the system can be calibrated 
35 to compensate for fore, aft and/or sideways tilt or incline 
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of the mass transportation means * 

The present invention will now be described with 
reference to Figure 1 and Figure 2 Which depict inclined 
augers for transporting solid particulate matter. Figure 3 
is referred to in the Example and is a graph of the results 
of calibrating actual mass flow of PAN being transferred by 
the auger of an MMY against the pressure drop across the 
auger motor. 

Figure 1 depicts a plan view of an inclined auger 
(1) for transporting solid particulate matter . The solid 
particulate matter enters the auger through the lower port 
(la) and leaves the auger through the upper port (lb). A 
hydraulic motor (2) drives the inclined auger and is 
connected to two hydraulic lines (3a, 3b). Hydraulic fluid 
from a pump passes to the hydraulic motor through one 
hydraulic line (3a) and from the hydraulic motor to a tank 
through the other hydraulic line (3b) . Pressure 
transducers (4a, 4b) are located in the hydraulic lines on 
either side of the hydraulic motor. Both pressure 
transducers are connected to a differential pressure gauge 
(5) which measures the difference in hydraulic pressure 
recorded by the pressure transducers. The difference in 
pressures can be equated to torque of the hydrauXic motor 
and therefore the force required to move solid particulate 
matter along the auger. 

In Figure 2 also depicts an inclined auger (1) 
driven by a hydraulic motor (2) and a single pressure 
transducer (4) is connected to both hydraulic lines 
(3a, 3b). A meter (5) displays the pressure drop in any 
convenient units . 

The invention is further described with reference 
to the following non-limiting example. 
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EXAMPLES 

Example 1 

An HMU for mixing bulk emulsion explosives was 
fitted with pressure transducers to measure the pressure 
5 drop across an existing 1C" incline auger hydraulic motor. 
The auger was used for moving PAN and the pressure 
transducers used were rated at 200 bar. The pressure drop 
across the motor was calibrated to the actual mass being 
transferred by the auger and the results are recorded in 
10 Figure 3 . The X-axis of the graph relates to the mass flow 
(in kilograms per minute) of PAN delivered by the auger 
while the Y-axis relates to the pressure drop across the 
transducers measured electrically by a dif f erentiometer (in 
millivolts) . 

15 The graph depicted in Figure 3 shows that there 

is a linear relationship between the energy required and 
the amount of solid matter delivered. Metering mass flow 
using this method has been proven up to a stage that it can 
be used as the primary indicator of PAN flow for production 

20 of bulk explosives formulations comprising PAN on MMDs . 

Example 2(a) 

The system of mass flow metering described in 
Example 1 was monitored for accuracy in monitorinypAN flow 
over a one month period during which time the system was 
25 recalibrated weekly. The system was run for varying 

periods of time from 10 seconds to 3 hours with PAN flow 
rates of up to 704 kg/min. Results are recorded in Table 
1. 

Example 2(b) 

30 The system of mass flow metering used for 

monitoring PAN flow in Example 2(a) was monitored for 
accuracy over a further one month period during which time 
no calibrations were carried out. As per Example 2(a) the 
system was run for varying periods of time from 10 seconds 
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to 3 hours and with PAN flow rates of up to 704 kg/min. 
Results are recorded in Table 1, 



Comparative Example 2(a) 

To provide a comparison of accuracy of the mass 
5 flow metering method of the current invention with methods 
of the prior art, a system of mass flow metering using 
volumetric displacement measurement was put into service on 
an MMU. The system was used for monitoring PAN flow over a 
one month period during which time the mass flow metering 
10 system was recalibrated weekly. The system was run for 

varying periods of time from 10 seconds to 3 hours with PAN 
flow rates of up to 704 kg/min. Results are recorded in 
Table 1. 



Comparative Example 2(b) 

15 The system of volumetric displacement mass flow 

metering of Comparative Example 2 (a) was monitored for 
accuracy over a further one month period during which time 
no further calibrations were carried out. As per 
Comparative Example 2(a) the system was run for varying 

20 periods of time from 10 seconds to 3 hours and with PAN 
flow rates of up to 704 kg/min. Results are recorded in 
Table 1. 

All accuracy values in Table 1 are <juoted at a 
95% confidence interval (two standard deviations). The 

25 accuracy values recorded show a significant improvem en t in 
accuracy of AN prill flow measurement where the method of 
the current invention has been used (Examples 2(a) and 
2(b)) as compared with the method of the prior art 
(Comparative Examples 2(a) and 2(b)). it will be apparent 

30 that accuracy of the method of the current invention may be 
further improved by fitting a tachometer and inclinometer 
to the transportation means and using the output from these 
devices to modify the mass flow meter output. Accuracy may 
be further improved by regularly recalibrating the mass 
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flow system by checking the zero position of the mass flow 
meter output* 



Table 1 



Accuracy 


Example 2(a) 


Comparative 
Example 2 (a) 


Example 2(b) 


Comparative 
Example 2(b) 


2 44 


2 8.4 


* 52 


x 22 



Example 3 

The system of mass flow metering of. Example 1 was 
used at five different target flow rates at various auger 
speeds. Figure 4 shows a plot of the flow rate as recorded 
10 by the mass flow meter of the system versus the auger speed 
as measured in rpm. The auger was transporting AN prill. 



Figure 4 shows that even over a wide mass flow 
range, the relationship between the mass flow meter reading 
and incline auger speed remains constant at given flow 
15 rates . 



Example 4 

An MMU for mixing bulk emulsion explosives was 
fitted with two magnetic sensors, one at either end of the 
drive shaft of a 10" incline auger. The auger was-used for 
20 moving PAN from a storage bin to a mixing device where the 
PAN is mixed into a water-in-oil emulsion composition. 

The PAN was delivered into the mixing device at 
rates of between 15 and 550 kg/min for up to 5 hours at a 
time. The amount of twist was measured on the shaft as a 
25 function of the displacement between signals of the two 
magnetic sensors . Because the torgue changes with the 
amount of tor(jue performed by the auger the displacement 
between the signals provides a measure of mass flow. 



The use of magnetic sensors to measure PAN mass 
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flow was monitored over a period of one month during which 
time the system of mass flow metering was recalibrated 
weekly* At the end of this period the accuracy of the 
system was calculated as ± 3-2 kg/min. It is believed that 
5 this method of mass flow measurement using magnetic sensors 
located in an auger shaft may be more accurate than 
measurement using hydraulic pressure drop across an auger 
hydraulic motor because use of the magnetic sensors removes 
any hydraulic motor effects such as those which may be 
10 caused by varying hydraulic oil temperature or viscosity. 



While the invention has been explained in 
relation to its preferred embodiments it is to be 
understood that various modifications thereof will become 
apparent to those skilled in the art upon reading the 
15 specification. Therefore, it is to be understood that the 
invention disclosed herein is intended to cover such 
modifications as fall within the scope of the appended 
claims . 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. An apparatus for metering flow of solid 
particulate matter comprising: 

a transportation means driven at known speed by a 

motor, 

a measuring means for measuring the toraue or 
force required to drive said transportation means 

wherein said measuring means can be used to 
calibrate said torque or force against the mass flow of 
said solid particulate matter as said matter is moved by 
said transportation means. 

2. An apparatus for metering flow of solid 
particulate matter according to claim 1 wherein said motor 
is hydraulically driven and said measuring means measures 
the differential pressure between the hydraulic lines of 
said hydraulic motor. 

3. An apparatus for metering flow of solid 
particulate matter according to claim 1 wherein the 
transportation means comprises a drive shaft and said 
measuring means measures the torque on said drive shaft. 

4. An apparatus for metering flow of solid 
particulate matter according to claim 1 wherein the 
transportation means comprises a drive shaft and said motor 
is an electric motor and said measuring means measures the 
electrical power to said electric motor. 

5. An apparatus for metering flow of solid 
particulate matter according to any of claims 1 to 4 
wherein said solid particulate matter comprises at least 
one oxidiser salt. 

6. An apparatus for metering flow of solid 
particulate matter according to any of claims 1 to 5 
wherein said solid particulate matter comprises prilled 
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ammonium nitrate. 

7 . An apparatus according to any of claims 1 to 6 

wherein said apparatus is used in the production of 
explosives formulations . 

5 3 m An apparatus according to any of claims 1 to 7 

wherein said apparatus is used in the production of bulk 
explosive formulations on mobile manufacturing units. 

9. a method of metering flow of solid particulate 
matter comprising the steps of: 

10 (a) moving portions of said solid particulate 

matter along a transportation means driven at known speed 
by a motor, 

(b) measuring the torque or force required to 
drive the transportation means; and 

15 ( C ) calibrating said torque or force to the 

mass flow of said material. 

10. a method of metering flow of solid particulate 
matter according to claim 9 wherein the force required to 
drive the transportation means is measured by monitoring 

20 differential pressure between the hydraulic lines to the 
hydraulic motor. 

11. a method of metering flow of solid particulate 
matter according to claim 9 wherein the transportation 
means comprises a drive shaft and the force required to 

25 drive the transportation means is measured by monitoring 
the torque on the drive shaft. 



12. A method of metering flow of solid particulate 

matter according to claim 9 wherein the transportation 
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means comprises a drive shaft driven by an electric motor 
and the force required to drive the transportation means is 
measured by monitoring the electrical power to the electric 
motor. 

5 13. A method of metering flow of solid particulate 

matter according to any of claims 9 to 12 wherein the solid 
particulate matter comprises an oxidiser salt. 

14. A method of metering flow of solid particulate 
matter according to any of claims 9 to 14 wherein said 

10 method is used for the production of explosives 
formulations . 

15. A method of metering flow of solid particulate 
matter according to any of claims 9 to 13 wherein said 
solid particulate matter comprises prilled ammonium nitrate 

15 and method is used for the production of bulk explosives 

formulations comprising prilled ammonium nitrate on mobile 
manufacturing units . 

16. A method for metering flow of solid particulate 
matter substantially as herein described with reference to 

20 the Figures and Examples. 

17. An apparatus for metering flow of solid 
particulate matter substantially as herein described with 
reference to the Figures and Examples . 
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